First High-Contrast Science with an IFS:
the Sub-Stellar Companion to GQ Lup
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Keck AO + OSIRIS
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GQ Lup B - An Exoplanet
or a Brown Dwarf?

= 1-2 M, planet? = 1040 M,,, brown
VLT AO slit dwart?
spectroscopy Keck AO + OSIRIS
Neuhaiser et al. spectroscopy
(2005) McElwain, Metcheyv,

Larkin et al., ApJ,
accepted



OSIRIS - A Lenslet Based
Integral Field Spectrograph
U),

Focus Image onto 1. Image on Lenslets 2. Pupil images 3. Pupil images dispersed 4. Extracted Data Cube
a Lenslet Array
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Direct Imaging of Sub-Stellar
Companions

‘Gliese 229B

Compare objects at a
fixed age and metallicity

Hubble Space Telescope
Wide Field Planetary Camera 2

(Golimowski et al. 1998)



Spectral type: M9-L4

VLT-NaGa K-band

1o~

= 'u ity g 'I'. PR
oy o I""‘,l'r i

I |
! 1
II
o
LS I f

gt f -.-..,"' """'-.-"".-.""u_.__.__ _||.'.I ,” I
2000 K Iop T 2. O A
. v ”I |'| II‘II || “M‘I |||||-‘I| Ly

y |‘||||"|| F'.j“l |J|H|'|. |ln"'lii| Jif|| Al |||n u n ' |J |'.i||||k

A
AR

1 + const /7

-1

LLIra

T

GQ LupB "y

U

PIW m

NaI

N ,", e II‘
"
I I I I u |I|I II||;I1|‘I ,
L

0.3 arc sec 12CO

cTTS in Lupus 1; age 0.1-2 Myr e L

(Hughes et al. 1994) (Neubhatiser et al. 2005)



The Mass of GQ Lup B

= “hot-start” models predict

Burrows et al. (1997),
Baraffe et al. (2002)

uncertain at <3 Myr ages

= nucleated instability and
collapse models predict
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Which theoretical models are
more accurate?

Is GQ Lup B an exoplanet?

(Neuhatser et al. 2005)




Steps in Characterizing
Sub-Stellar Companions

= Determine age and distance
from parent stellar association (best) or primary star

= Determine spectral type, effective temperature
direct near-IR spectroscopy (with AO)

= Determine mass, surface gravity
from evolutionary models



Keck/OSIRIS Spectra of
GQ Lup B

GQ L
B up ’B

J-band

const
const

behind Keck || AO system
(PI: J. Larkin, UCLA)
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=  OSIRIS commissioning data
(June 2005)
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Wavelength (um) Wavelength (um)

(McElwain, Metchev et al., ApJ, in press)



AO Integral Field Spectroscopy
Is More Reliable Than AO Slit
Spectroscopy

= AO slit spectroscopy:
slit width (40-100 mas), PSF (40—-80 mas) comparable to
pointing precision (~20—40 mas)
differential refraction (atmosphere, AO transmission optics)
= especially important in high-contrast regime
= |[FS AQO spectroscopy :
no slit losses due to centering on slit

no slit losses due to differential refraction
= frace PSF centroid as a function of A



Spectral Classification of
Ultra-Cool Objects is Age-
Dependent

= spectral type
proxy for T g

= but: young (<100 Myr)
brown dwarfs
larger radius
lower surface gravity
(g = GM/IR?)
weaker K I, Na |
absorption
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= spectral classification most
reliable from H,O dip at ; - .
1.3 ym (Slesnick et al. Wavelength (sermn)
2004)

(Kirkpatrick et al. 2006)



Keck/OSIRIS Spectra of
GQ Lup B

J-band

= commissioning OSIRIS
data (Aug 2005)

= J- and H-band
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= spectral type:

Neuhalser et al.:
1.2 1.25 1.3 1.35 1.5 1.6 1.7

Wavelength (um) Wavelength (um)

(McElwain, Metchev et al., ApJ, in press)



GQ Lup Bis [Hotier and Oldel
Than Inferred by Neuhaﬁser et

al.
= McElwain, Metchev et al.: = Neuhaitser et al. (2005):
spectral type: spectral type:

= AO slit losses affecting K-
band continuum?

= weakening H, CIA absorption
at 1.5-2.5 ym

age: age:



Testing Evolutionary Models:
‘“Hot-Start” Models Better at
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(Stassun et al. 2006, (Neuhatiser et al. 2005,




GQ Lup B is Probably a Brown

Dwarf
= McElwain, Metchev et al.: = Neuhaltser et al. (2005):
spectral type: spectral type:
= AO slit losses affecting K-
band continuum?
= weakening H, CIA
absorption at 1.5-2.5 ym
age: age
= “hot-start” models (Burrows = “cold-start” models
et al. 1997; Chabrier et al. (Wuchterl & Tscharnuter
2000) 2003)
—> Mass: —> Mass:

Marois et al. (accepted), 0.6—3.5 um SED analysis:



Summary

= AO integral field spectroscopy is more reliable
than AO slit spectroscopy

= GQ Lup B is hotter (M6-L0) and older (1-10
Myr) than initially reported by Neuhaltser et al.
(2005)

= Empirical young BD masses are more
consistent with the hot start evolutionary
models

= GQ Lup B is probably a brown dwarf and not
an exoplanet
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